Background: Shift work is associated with health problems, including metabolic syndrome. This study investigated the association between shift work and metabolic syndrome in young workers. Methods: A total of 3,317 subjects aged 20-40 years enrolled in the 2011-2012 Korean National Health and Nutrition Examination Survey were divided into shift and day workers. We conducted a cross-sectional study and calculated odds ratios using multivariate logistic regression analysis in order to examine the association between shift work and metabolic syndrome. Results: The prevalence of metabolic syndrome was 14.3% and 7.1% among male and female shift workers, respectively. After adjusting for confounding factors, shift work was associated with metabolic syndrome in female workers (odds ratio, 2.53; 95% confidence interval, 1.12 to 5.70). Conclusion: Shift work was associated with metabolic syndrome in young women. Timely efforts are necessary to manage metabolic syndrome in the workplace.
introDUCtion
Shift work is a common form of work worldwide; it is utilized in various areas of business and is a characteristic of modern society. Shift work is defined as a job schedule in which working hours are outside of the standard daytime hours. 1) In Korea, the number of shift workers is steadily growing, 2) and a recent survey reported that approximately 10.9% of employees are shift workers.
3)
The prevalence of metabolic syndrome in the modern world is high and increasing continuously. Alterations in socio-environmental factors have contributed to this trend. 4) Metabolic syndrome refers to a group of metabolic conditions, including increased blood pressure, high blood glucose level, abdominal obesity, high triglyceride level, and low high-density lipoprotein cholesterol levels 5) that, combined, increase the risk of type 2 diabetes, heart diseases, and stroke. 6, 7) In Korea, the prevalence of metabolic syndrome in adults over 30 years of age is 32.9% and 31.8% in men and women, respectively. 8) Shift work has been identified as a cause of many health problems due to disruption of circadian rhythm. 9, 10) Prolonged interruption of the circadian rhythm may lead to an array of disorders, including insomnia, impaired glucose tolerance, obesity, and high blood pressure, which are important determinants of cardiovascular disease. 11, 12) Because the majority of employees spend most of their time in the workplace, we believe that employers should develop prevention strategies and early interventions for metabolic syndrome in workplace settings.
Several studies have reported the association between shift work and risk of metabolic syndrome. A systematic review and meta-analysis 13) of 10 original articles revealed that the association between metabolic syndrome and shift work varied among studies, and these studies showed discordant results. Consequently, the authors concluded that there was insufficient evidence on the relationship between shift work and the prevalence of metabolic syndrome. Moreover, few studies have evaluated the association between shift work and metabolic syndrome in younger adults, especially by using data from the Korean National Health and Nutrition Survey. Therefore, the current study examined the association between shift work and metabolic syndrome using a representative large-scale national database of workers.
MetHoDs

Data source and study subjects
This study was based on data obtained from the fifth Korean National 
Assessment of shift Work
Data concerning participants' work schedules were obtained from responses to the interview question, "Do you usually work during the day (between 6 am and 6 pm), or do you work at a different time?"
There were eight possible answers: mainly daytime work, evening shift, night shift, regular day and night shift, 24-hour rotating shift, split shift, irregular shift, or other. Day workers were defined as subjects working mainly in the daytime, evening shift workers as subjects working between 2 pm to midnight, night shift workers as subjects working between 9 pm and 8 am the next day, and shift workers were defined as those subjects working in different time periods such as regular day and night rotating shifts, 24-hour rotating shifts, split shifts (working two shifts in one day), and irregular rotating shifts.
Assessment of Metabolic syndrome
The metabolic syndrome prevention and treatment for Korean adults proposed by the Korean Academy of Family Medicine defined metabolic syndrome as the presence of at least three of the following criteria: 14) (1) increased waist circumference (≥90 cm for men, ≥85 cm for women), (2) elevated triglyceride levels (≥150 mg/dL), (3) low highdensity lipoprotein cholesterol levels (<40 mg/dL in men, <50 mg/dL in women), (4) elevated blood pressure (systolic ≥130 mm Hg and/or diastolic ≥85 mm Hg), and (5) impaired fasting glucose levels (≥100 mg/dL).
Assessment of Covariates
The baseline physical examinations and laboratory findings included In addition, serum levels of glucose, total cholesterol, high-density li-poprotein cholesterol, and triglycerides were measured using an automated enzyme technique (Hitachi Automatic Analyzer 7600; Hitachi, Tokyo, Japan).
Components of health-related behavior were recorded through self- 
statistical Analysis
The data were analyzed by complex-samples analysis. Survey sample weights 15) was used and the complex survey design was accounted for in the estimation of variance. The survey sample weights were calculated by taking the reciprocal of the probabilities of selection (the primary sample units, household), adjusting for non-response (household, person), and a post-stratification factor to make the resulting survey estimates for age, sex, metropolitan area, or province category approximately equal to the total population of Korea in order to calcu- Table 1 shows the subjects' baseline anthropometric measurements and the distribution of factors possibly related to metabolic syndrome.
General Characteristics of the study Population
In both male and female subjects, shift workers were significantly younger than day workers (both P<0.001). There were no statistically significant differences in weight or waist circumference between day workers and shift workers in either sex.
There were also no statistically significant differences in total cholesterol, triglyceride, and fasting glucose levels in either sex. In female subjects, however, diastolic blood pressures were significantly higher in shift workers than those in day workers (P=0.04). The prevalence of menstrual cycle irregularity was also higher in female shift workers (16.8%) than in day workers (12.9%), and compared with day workers, shift workers had a significantly higher prevalence of a missed menstrual cycles over the previous three months (4.2% and 17.1%, respectively; P=0.015). Table 2 shows health-related behaviors among subjects. There were no statistically significant differences in rates of current cigarette smoking and heavy drinking, average sleep duration, and average water intake between day workers and shift workers in either sex. The proportions of female subjects who performed adequate exercise were higher among shift workers than that of day workers. health-related behaviors, and menstrual cycle regularity. However, in male subjects, no significant association between shift work and metabolic syndrome was observed, even after adjustment. Values are presented as frequency % or mean±standard error. *Calculated using generalized linear regression analysis via complex sampling or c 2 test via complex sampling. † Heavy drinking was defined as drinking more than 7 drinks for men and 5 drinks for women two or more times per week. ‡ Exercise was defined as at least 30 minutes of moderate-intensity physical activity at least 3 days per week or at least 20 minutes of vigorous-intensity physical activity at least 3 days per week.
Health-related Behaviors of the study Population
Association Between shift Work and Metabolic syndrome
§ Six to eight hours of sleep was defined as optimal for health.
DisCUssion
This cross-sectional study was designed to determine the association between shift work and metabolic syndrome in young adults using data from the 2011-2012 KNHANES. Although previous studies 16, 17) have examined the association between shift work and metabolic syndrome, they included small sample sizes or broad age ranges, and thus did not adequately evaluate the association between shift work and metabolic syndrome at young ages.
To our knowledge, the present study is the first to evaluate the relationship between shift work and metabolic syndrome in young workers. Several prospective studies have indicated that shift work may be an independent risk factor for metabolic syndrome. One such study found that rotating shift work increases the risk for developing metabolic syndrome over a period of six years. 18) Another study of male and female nurses reported that the risk of developing metabolic syndrome was strongly associated with night-shift work over a four-year follow-up. 19) One possible explanation for the connection between shift work and metabolic syndrome is disruption of normal circadian rhythms. 20) Circadian rhythms control several biological processes, including hormone secretion, body temperature, feeding, sleep-wake cycles, and metabolic homeostasis. 21) Shift work promotes chronic misalignment between endogenous circadian oscillation and behavior cycles. This persistent circadian misalignment causes metabolic and cardiovascular events, including increased glucose and insulin levels, as well as increased mean arterial blood pressure and reduced sleep efficiency. 22) Another possible explanation for this study finding could be socioeconomic status related to shift workers such as education level or family monthly income. In the present study, among male subjects with middle school or less education levels, the prevalence of metabolic syndrome was higher among shift workers compared with day workers;
similarly, among female subjects with low-middle or lower family monthly income, the prevalence was higher among shift workers compared with day workers. Socioeconomic status has been reported to be associated with metabolic syndrome. 23, 24) Education and family income may influence access and use of health services, and may affect health-related behaviors. In shift workers, lower levels of education or income may act as a significant barrier to access to health care and health publicity.
In the present study, shift work was associated with metabolic syndrome in female workers but not in male workers. In female workers, a high prevalence of menstrual irregularity was reported among shift workers and prevalence rates of obesity in shift workers was approximately 5% higher than that in day workers, although shift workers exercised regularly and received adequate sleep. One prospective study reported that menstrual cycle irregularity might be a risk factor for metabolic abnormalities that predispose individuals to the development of cardiovascular disease. 25) Another cross-sectional survey reported that night shift work was associated with the development of obesity among night shift-working females. 26) A possible explanation for this relationship is that many women with menstrual irregularities have polycystic ovary syndrome (PCOS), which has been associated with metabolic abnormalities that increase the risk of cardiovascular disease. 27) Because the KNHANES data do not include manifestations of clinical and biochemical androgen excess, we cannot determine whether menstrual cycle irregularities were caused by PCOS in the present study. However, PCOS is the most common female endocrine hormonal disorder and a frequent cause of irregular menstrual cycles among young women. 28) Many women with PCOS have features of metabolic syndrome such as central obesity, 29) dyslipidemia, 30) high blood glucose level, 31) and high blood pressure. 29) Therefore, menstrual cycle irregularity related to hormonal imbalances such as PCOS may be attributable to higher prevalence rates of obesity and metabolic syndrome in female shift workers. However, further prospective studies are required in order to investigate these associations.
This study has several strengths, including its large sample size and nationally representative sample of young working adults. However, it also has some limitations. First, because of its cross-sectional design, we were not able to establish a causal relationship between shift work and metabolic syndrome. Second, we did not collect information about eating habits and dietary patterns among the subjects and therefore could not assess their relationships with metabolic syndrome. Third, we did not perform a detailed analysis of occupational qualitative data, such as the duration of shift work, intensity of work, and job categories. The KNHANES does not include occupational qualitative data; therefore, we could not assess the effect of occupational qualitative variables that could be additional risk factors of metabolic syndrome. Further high-quality, prospective longitudinal stud- 
